In animal breeding, animals originating from different environments are often considered in selection decisions. Production data in these groups may differ both in mean and variance. In South Africa, yearling weights of beef cattle are recorded in two different phases of the National Beef Cattle Improvement Scheme (NBCIS). The aim of this study was to assess changes in the ranking of animals in the selection process where animals are selected on estimated breeding values (EBVs) for yearling weight before and after correcting for heterogeneity between the two phases. Yearling weights are measured in Phases B and D of the NBCIS. Yearling weights recorded in Phase D were adjusted according to the standard deviation and heritabilities of yearling weights in Phase B. To determine whether the adjustment was justified, two VCE REML analyses were performed on combined Phase B and D data to estimate breeding values. The first analysis involved unadjusted Phase D data, while the second run involved Phase D yearling weights, adjusted for heterogeneity. The ranking correlation between EBVs derived from the two runs, was 99% indicating almost no re-ranked after adjustment. It is concluded that Afrikaner yearling weights in Phase B and D can be analysed jointly without any pre-adjustments when estimating breeding values.
Introduction
In animal breeding, animals originating from different environments are often considered in selection decisions. Production data in these groups may differ both in mean and in variance. Until recently, in most genetic evaluations using mixed model methodology, variances were assumed to be constant across environmental groups. However, several studies have shown that these assumptions do not hold in many cases (Hill et al., 1983; Hill, 1984; DeVeer & Van Vleck, 1987; Boldman & Freeman, 1990) . Variances for production and conformation traits of dairy cattle have been found to be heterogeneous across herds, herdclasses, environments or other types of fixed effect levels (Dodenhoff & Swalve, 1998) . Thus, heterogeneity does not only have an effect across environmental groups, it can also have an effect on the selection of animals originating from different contemporary groups.
Heterogeneous variances have been reported for performance in beef cattle (Garrick et al., 1989) . Ignoring heterogeneity may reduce the reliability of ranking and selection procedures based on Henderson's mixed model equations (Henderson, 1975) , which require appropriate variance components to provide solutions with Best Linear Unbiased Prediction (BLUP) properties.
In South Africa, yearling weights in beef cattle are measured in two different phases of the National Beef Cattle Improvement Scheme (NBCIS). The objective of the present study was to evaluate the appropriateness of the multiplicative mixed model to handle data when variances are likely to be heterogeneous across herds. Re-estimation of variance components after scaling the data with the previously obtained multiplicative adjustment factors was explored to obtain a measure of the improvement in the breeding value evaluation and to detect changes in ranking of individuals across these two phases.
Materials and Methods
Afrikaner calves considered in this study participated in Phase B or Phase D of the South African NBCIS from 1982 to 1999. In Phase A, the pre-weaning growth performance of calves is evaluated. In post weaning, most of the male weaner calves complete an on-farm growth test (Phase D) or a central growth test (Phase C), while their female contemporaries as well as the remaining male weaners remain in an on-farm test up to the age of 18 months (Phase B).
In Phase B yearling weights are recorded when the calf reaches the age of ca. 12 months. Animals in Phase D are weighed each week. Yearling weight is defined as the weight recorded at the end of the week in which the animal reaches 12 months.
To determine the heritability for yearling weights measured in the different environments, i.e. Phase B and Phase D, two multitrait REML analyses were done. In the first analysis, a multitrait analysis with weaning weights and yearling weights measured in Phase B was used. The second multitrait analysis included weaning weights and yearling weights as measured in Phase D. This was done to determine to what extent the variances differ between the two environments.
The importance of non-genetic sources of variation on the traits was determined by the PROC GLM procedure of SAS (1996) . Non-genetic sources that were included in the models for weaning and yearling weights were the linear and quadratic regression of the age of the calf (in days) at weaning and yearling, the linear and quadratic regression of the age of the dam and the fixed contemporary groups for weaning and yearling weights, respectively. All of the above mentioned non-genetic sources were significant (P < 0.001) and were, therefore, included in both models.
If an attempt is made to account for heterogeneity of heritabilities across environments in an evaluation system that use a common heritability for all environments, records have to be adjusted so that the estimated phenotypic variances reflect the heterogeneity. This would guarantee a selection advantage from environments with higher heritabilities. Computationally, the least demanding approach to account for heterogeneity, is by standardizing the records, as was done by Wiggans & VanRaden (1991) , Weigel & Lawlor (1994) and Dodenhoff & Swalve (1998) . Adjusting records so that optimum fractions, i.e., fractions maximizing response to selection, are selected from both the environments can be done as follows: In order to meet one of the objectives of this study, which was to compare the ranking of estimated breeding values (EBVs) before and after correcting for heterogeneity, two additional datasets were created. The first set was a combination of Phase B and D prior to adjustment, while the second one was a combination of Phase B and the adjusted Phase D data.
A restricted maximum likelihood analysis, fitting a multitrait animal model was used to analyse the data. The REML VCE 4.2.5 package of Groeneveld (1998) was used for this purpose. All traits were considered as traits of the calves.
The following model was used for analysis: y = Xb + Z 1 a + Z 2 m +e, where: y = vector of the observations for the i th trait, b = vector of fixed effects for the i th trait, a = vector of random animal effects for the i th trait, m = vector of random maternal effect for the i th trait, e = vector of random residual effects for the i th trait, X, Z 1 and Z 2 are incidence matrixes relating records of the i th trait to fixed and random animal effects, respectively.
Results and discussion
After editing, there were 12 416 animals that participated in Phase B with weaning and yearling weights and 2 224 animals with weaning and yearling weights participating in Phase D of the NBCIS (Table 1) . From Table 1 it is apparent that the standard deviation of Phase D is greater than that of Phase B. One should, however, note that the coefficient of variation is greater in Phase B. The reason for this could be that the age range of Phase B is greater than that of Phase D, and that Phase B includes both sexes where as Phase D only includes males. The standard deviation of Phase D decreases when the Phase D data are adjusted for heterogeneity between these two Phases. Heritabilities and genetic correlations for weaning and yearling weights measured in two Phases of the NBCIS are presented in Table 2 . The direct heritabilities for yearling weight between the two phases are of the same order (Table 2) . It was decided (because of the size of the two data sets) to adjust the Phase D yearling weight measurements with the adjustment equation mentioned previously (equations 1) to meet the standard deviation and heritability estimated for Phase B yearling weights, i.e. h 2 base = 0.28. To determine whether the adjustment was justified, two VCE REML analyses were performed to estimate BLUP breeding values. Firstly, on the combined data set before the Phase D data was adjusted and secondly, on the combined data set after the Phase D yearling weights were adjusted for heterogeneity. Both these were multitrait analyses in conjunction with weaning weight. The results of the variance components estimated are presented in Table 3 . It is apparent from these results that the heritabilities and genetic correlations between the direct and maternal heritabilities for weaning and yearling weights did not change The ranking correlation between the EBVs of the two analyses was 99%, indicating almost no reranking after the adjustment. This is in agreement with Reverter et al. (1997) who estimated correlations greater than 0.97 between EBVs with and without corrections for heterogeneity for different traits in Angus cattle.
Conclusions
For Afrikaner beef cattle, the effect of heterogeneous environments on selection decisions for yearling weight is small. This is probably due to the small difference between the variances estimated in the two environments. It is, therefore, concluded that yearling measurements of animals participated in Phase B and D can be analysed jointly without any pre-adjustments when estimating BLUP breeding values.
